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(57) Abstract: A demodulator comprises a DSP. The DSP determines the amount of distortion of a transmission line based on a 
known signal included in a received radio signal, and estimates the frequency of the direct wave based on the amount of the distortion. 
The DSP also rotates the phase of the amount of distortion based on the amount of phase corresponding to the frequency of the 
estimated direct wave. Next, the DSP estimates the center frequency of the Doppler broadening based on the amount of phase-rotated 
distortion. The DSP combines the amount of the phase corresponding to the estimated center frequency of the Doppler broadening 
and the amount of the phase corresponding to the direct wave frequency to estimate a final frequency offset. The DSP then removes 
the frequency offset of the received radio signal based on the estimated frequency offset According to this method, a preferable 
BER characteristic can be realized while maintaining a sufficient frequency offset compensation range. 
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^ y 7V 1 ) 0 <fc D^ttftCfci:* D S P 2 6 l±,i 1 JlM^-fe y hifi 



B EPJ (mLNF)=tan 



lm[D m {fnLN F )j 
RelD m (mLNr)j 



-(12) 
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(Ogi^Np-1) lZtt^T¥i%fcmm*ML,¥-1%mfrm c EP <kN F ) 
£ sffcfttcku DSP26I1 TiB(l3)5£fc:^-r«fc -5 (3, 

5 mftm^yv y * rt©&$/ a m»s c EP1 (kN r + i 

flouts £©iiDiHS*Bl»na^:7 , D -^rt©R»if©s/>#;i/ftNp 

TlUSo d?LT. DSP26&, L fc 1 o©gt^li"^ 

c E p(kN F )--^-Yc EP1 (kN F +i) -(13) 




10 Jfe^Tx DSP2 6lis d©¥lSS^m c ^(kN^S^^T y 
^H*«7-ya:^«l (DFT) ffl,S*HffrS (*5 t y7 p V2)o «fct> 
H&tfHcfciu DSP2 6li, Jf^SBF^T (=LN F T S ) falz$> Z> 1,M(D 
gt^lM-^^n ry ^t:*5itse2IK©¥19M*»c E p((m+ 1)N F )( 0 £ 
l^L-1) tc^UTD F TmmZMTZ tlzk »K ^i!f©^^iS(^-7 

15 -fe y MSinA f RE8 t:^|i&bfcM-^«*P f (n)**n-?n*«)io 

*e>«c^i*:wt:t±> DSP26it m&&* 7 * y h m%.mm f DET2 

rtUfc^T* fg9|II(a)tc tqj WCmT <fc 5 i:^f^O«^iIA f RES 

rfc£§8^£ftfc«#cDja&#;i-:7-fe * hflinin a f res iz^n^tiM 

20 if DET2 ii, ±ieo<to wtmm^cDffi xmmN F iz& vrnfegnzt) 
(DX'&o, M%.mm&f RES *m^ti&, -MAf RES w±MAf res wt 

HB(l4)5£CDcfc -5 tc^^ttSo 




2N F Af 



— (14) 



RES 
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DSP26li, m®.m*7* y h Jf^fefflf DET2 rtt&^T^&M&gfc 
*7-bv FiinA f RES iz^n^nttfo-T &GLm&-fctt±m¥-l%m.fr 
Ic EP ((m+ l)N F )©{4ffi^@^1-^o ^©^x D S P 2 6 lis (4*8 0 
fe^CD¥^M^a c EP ((m-f 1)N K )£^ hfr&f&TZo Ztilz <fc t) N 
5 D S P 2 6 li, i 9 EKb)£^R3<Di&£: Lt^t J; r> it&CD^&gfr;* 
* hiinA f nES lZ^ti?tittJfo't Z>m^m± P f (n)£f#£o 
W±©MS«is T f3(i5)5£ ft £o TS3(i5)5$E£^Tx R s fc* 

m^(DBm&m-c& *k ntt- (m + w) m± (m+w) wT©{iT'& 

10 — *T-£3o 



^CDgK DSP26lt > k ^m^^^^as^nfTt-s 

7V 3 )o cfc £ Hffcftfciy:, D S P 2 6 3f^O»»«ISft5i» 
f&'W > K»>fc: 1 *t 1 izPifoTZ^J > h*->t*E f (n)^Sti)l,c 

15 > k £©jn&»<Bfcau tz tJntrnfemmA f RES © 2 wfgT-^^o 

K y T^-fctt D © 2 {g*IJg(3tS:££ft&o DSP26li, TI3(i6)xt 
n li - M U± M ©IfiT' & & o 



E f (n)= YP f (n + k) -(16) 




w 
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Ke;fi3E f (n)®9^> m 9 1^ (c) £ ^ "T <fc 5 N7"7 — Ja <D*P 
to JSift#fc 7 -fe y MSn A f RES ©«W > h*^m^7 
E f (n)#^Xi:&£o 

J: O^teftiztt, DSP26I±, TB3(17)5S fc^f «fc -5 "T^T©^ 

»*7ty hiin A f RES £ff§ 2 M&ffc:*-:?^ * h i: LTi^tSot 
fcfe-fcs D S P 2 6 l±, h* y :^-j£#D©4^toJ^^£fg2M&i&;*- 
^OFST * n MAX^RES 



E f (n MAX )=Max[E f (n)] *" (17) 



#^T*> DSP26li, iSffiM^^^LS * flfr* -5 ( * ^ y 7*V 5 ) Q 
ct D^ttftfcitiU DSP26li, TS2(l8)^t^-r «k "5 ±H3*f££ 

15 Jfot-£{i*gM0 E p 2 (mLN F )£f#£o 
0^(mJL^)=/ OOT x— -(IS) 
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«^©BER**lTl^. r Aj (±. jfiJg&©J^?£gfc<D^£Jii£ 

y biffin A f res SaS^b, $il?Stfe^|-7-fe y h HIS n A f RES 

mmmm 2 

20 zinnia:. z(Dftw<Dmmmm 2 £0**35 1 * h*t£ 

±HB^JSff^S 1 T'fci\ ^{iffiH^* h;i/D EPA (mLN F )^e>m 1 

hhfCO{ilii0 EP1 (mLN K )S^«)t^<5o Ztilztt 

25 EPA (mLN K )$giA--7 h {I^lz&l^T £ h lz ¥±SHbT 3 Z. t £ £ 
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«fc DPittLlis DSP 2 6 li> tfcffl^^ h;i/D EP (mLN F )=&^fe 
(^ry7W IK ym&teM^* h;i/D EP (mLN F )£¥*9flSbT¥*9 
teffiM^* h;PD EPA (mLN F )£;K«>*:& (7r^7W2), h- P*g 

5 ¥^KbMS*HfT-r £ (^r'y7W3 ) 0 hP^^Hb fastis 

iSffiM^^ h;i/D EPA (mLN F )^§iA-x h fi^P^ IZ & ^ T £ *> t ¥ 

cF IClfr^tll D S P 2 6 fct. ¥&J{4*SM^ h;UD EPA (mLN F ) 

*'ptz< h*>&Q>&mrt—7> hm^&%:m£ti2>£x*&mTz>o dsp 

;i/D EPA (mLN F )i:- -Dm<D&m^ — * h (B-l) ifi&mgtltz 
tgnW-teliiLmm^? h;KD EPA (mLN F )> B _ , t tC»-3l^T> TIB 
(19)^C^ot, h;KD EPA (mLN r )> B $^K)J„ tz 

tzh, T 13(19)5$ fcl^T. /Itt^^miSCT-^) 0 J£Jl± 1 i^T©fli T* 
15 $5 (OgAgl), 

{D^imLNr)), = D m {piLNF)^X{D E J l nLNF^ B _ t -(19) 

D S P 2 6 l±, h;KD EPA (mLN F )> B tI 

DSP2 6te> Tf2(20)^lz^T £ -5 ¥i9&4S^ ^ b ;K D E P A 
20 (mLN F )> B £&-3^T* {4ffii0 EP1 (mLN F )$f 4f)5 0 CIGDcfc5t3L 
T> DSP26!i, ii&«©jg#»fc#Jfor*Si 1 J^«#*7-te y h £ 

e^)-^ ^f»^ -(20) 

25 £©¥J$te*gM^ b EP A™LN r )*fo*iZ7&titj;&Z¥.mhmm 
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(mLN F )©¥£Hb£&JI£fTO C h&X'Z 2> 0 *<Dtz&), texk&CDtfLMlZ 

nrnmm 3 

«fc D^M-rn«. D S P 2 6 fcJU c EP (kN K )£3c#) (X^ 

yrx i )s i^^i^i^ic EP (kN F ){z^LT^D y ?mi> ft mm 

±>P f (n)*>G> <W > K ^MijE f (n)£;fc#>£:g: (Xf^7X3), £ >f > 

<fc £ HffclftKte, D S P 2 6 fi, ^-f > h* ^S^E f (n)£'J>& < t t> 
*OSMM-7 hM^^SM^ixS^-Cft^r-rSo D S P 2 6 i±, MigE 

©gii^— *Mt^ (B-i) *«s«$nfc t ^cDW-xz^-i > y t7m±i 

25 <E f (n)> B . 1 tt:«^lM^ Tfe(21)5£tZ#£oTs t J > Y <1? W, 

t>< E f (n)> B £;&#)£o TH3(21)5CIZ45UT. AJi^fll^fST 
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fc?K 0 £X± 1 UT<Dmx-&2> (0^A^l) o 
<E f (n)) B =E f (n) + A(E f (n)) B . i -(21) 

DSP2 6li, ZCD&tbZtltzW-itat J > h* ">m^7< E f (n)> B ©4" 

^^T^^C^tie ¥$*>f > K ^l^KDi^K E f (n ma][ ) 

5 > B SMt« (7r*7X5). 
<E f (n MAX )) B = Max[(E f (n)) B ] -(22) 

DSP26li, £©S*te<E f (n m „)> 
*y*v MSIinA f RES £#/foT£&1§M0 E r 2 (mLN F )£. fg 2 Jl%g[ 
*:7-fe y h £ LTJi^r^ (*^y7*X6) 0 

BSF^i&twiiftb&tf^'W > k t7m±KD¥-%3ibmm*?f z\ *:#t-^ 

20 mmzmw? ztz&xD? n— hx$>% 0 

±mmmmm3X'it^-( > wmjjE t (n)*¥-&ub-rzzttz&t)^ 

eioti^o -X, M^(D&w*m£;Tz>ztxm2mfcm*7 j ty h 



WO 01/76097 V ^F PCT/JPOO/02123 

25 



<tt)i¥M-rti«, DSP2 6li, ¥^l*Ic EPA (kN F )%$«) (X 

5 £T-ft^«;bP f (n)£;3<tf>*:& (^ry7Y2), M*;fc¥i&fb*flS!£ 
mn t5 f7Y 3 ) 0 J: tmttffjtfci:, DSP26I±, fg^«^P 

f (n)£'J>&< ^fc&CD^M^-* Mf^^i^iiss-r^ts. D 
SP2 6lis li^lM-^ hfs-^B i: P f 

(n)t 1 oHuCDgign-* (B - 1 ) tf&mZtltit %<D¥-&\m^ 

10 m;b< P f (n)> B _, £ t3S-3^T, Tia(23)j£ lZ'& o T W-i^m^Mtl < 
P f (n)> B ^*«)5o fc^ls T 13(23)5$ £:fe^Tx A ttJSfitf&l&T ifc t) , 
0W±1WT©IT**5 (O^A^l)o 
<PrW.-PrW+A<P f OiJ M -(23) 

^e©^, d s p 2 6 li, ^o^«>e>nfe¥^M-^m^<p f (n)> B iz 

15 S^T-W > K^i*E f (n)^^fefe§ (7f>y7Y4), •> > h* £ 
S*©g*^E f (n max )£t&£i}L (^t^Y5), ^^g^ffiE f (n max ) 

EP2 (mLN F )$, m2mWH&*7± y h t Itl^tS C*? 1 y 7Y 6 ) Q 

nmmm 5 
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±mmmmm 1 x&, e^sscDM^ac EPi (kN K + i)ts^i^> 

5 £*llc*fLT. dCDHSS^S 5 Tiix {sj£S§©M^fic EPi (kN K + i) 

5o tftt)^, D S P 2 6 TIB(24)^;(z^-r J: -5 l-s fcMS§©S2* 
lc EP1 (kN F + i)£te*9tff$g0 EPi (kN F + i)C^il, 

i (±. gtfcHt-^tw i *t i izttjfo? z^wm-^tzm^-rz %(dx& »k 

15 0JW± (Np-2) DlTOtTfeS (0^i^N P -2)<, 



*(b'&, DSP26li, {iffliitliiaA 0 EP (kN F )£ M*|T¥ 

iSMtTz^iZitmrnzmftTz (^r^rz 2)0 J; DM^e^tcii. ds 

P 2 6li. i4ffiM+i^A0 EP (kN F )^}i^^SiJ(m-l)T^e>«I^B$^iJm 

ytKDWL&Lmt-rZb.* DSP26li, L ii©{4ffl^tt^ A 6 E P ((m 
-l)LN F +lN F )£f§£ 0 1 {igt^lM-^^D y ?iz 1 # 1 IzMfcT 

zwiftm^izmm-r z &cdx& tK o w± ( l- 1 ) i^T©fiiT-&3 ( o 

^ 1 £ L - 1 )«, 




-(24) 



0EPi( kN F +0= tan 



., Im[ CEPi (kN F+ i)] 
Re[ CEPi (kN F+ i)] 
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e^jimLNr) - A^^/w - I^LNf + W f ) — (25) 

nmmrn 6 

2 1 5 Bit*. z<D$tw<DnMmm 6 ic^&fg i i»»t7tf vm%. 

10 ±IBH«i^!IR lTttx fiM©S*ic EPi (kN F + i)fc#fft«*« 

h;i>D EP (kN F )£;£#>Tl^o mc^tlt^ £ ©IUfcJ&S& 6 T? 
fcfc* felKOMIc EPi (kN P + i)lztt l,T T> F T mm&M-r ZL t lz 
«fc ?K ±I3&*SM^ h;i/D EP (kN K )$^«)Tl^o 

15 «k DE^ftU^ DSP2 6H:, ^>#;HSD F TMS^Hfrf £ ( * 
f-^RDo <fc DSP26li, c E P , (k 

N F + i)C^tlTD F T #131 £ tc «fc Os 7 -fe * 

h^ffin A f HE8 lcttJfoLfcM«;frP f ,(n)£*ft*ft;fc#>3o 
3 fctc^ttttttt* D S P 2 6 li, TIB^(26)tc^f <fc -5 (3, -R s 

20 / 2 M±R s /2 WT©I >y h If^feH f DET1 rtC^Ut, £■ 
M&g(*:7-te y hfgjin A f RES tzttfc L fc&*B*£ Itfe^KOl^i 

c EP iam-DLNp+iNF+^cD&ffi^^n^tiioite-r §o ^©g^ d s p 2 

6 t±^S<4ffllHllEg&©^*« c EP i((m-l)LN F +lN F +i)^^^ r ;i/^fifc 
25 A f r E s iC^fa^fo^Ji&Ljfcfif^jiS^jPf i (n) 5£ &?> 0 & 3d n TI2(26) 
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5£tC:fcl>T, nli&^lftlw-Rs/ ( 2 A f RES ) W±R S / ( 2 A f RES ) 



(26) 



^CD^s DSP26lt {£*BHJ3£^CDM^fi; c EP j ((m-l)LN F +lN F +i) 

DSP26ii, > K^a^^^Ms^nfr-rs c*^* 

7R2)o ct ») JKfcffJlCfci. D S P 2 6 te> TI2(27)^{C^-rct ? iZ s 2 

io Af RES izttfo-rzm^m±>p t ^^zmn-Tzztizx -w^e? 

ft^j E f , (n) £ #> o 



E„(n)= ]S> n (n + k) -(27) 



^CD^ N DSP2 6tt, «^-f > h* ^S;>jE t ^^©^Oi^iE f j 
ry7R4Kll m&&*7*y h h L T ©ffiffiM 0 EP1 (mLN F )£ Jf£ 

zommmm 6 c «t nts, ^t^mjg a f RES r t cjie&ifc 

y hiinA f res Is y FiinAf RES 

±»P f ^n)*^* fbt5^ tic <fc Dm 1 y h SISLT^ 

mnrnm i 
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5 mmmWi&mfrm. c EP1 (kN F + i)a»&!fi 2s»»*:7-fe * h *: lt© 

tiEffiM <9 EP2 (mLN F )£«t£ 1X^5. 

15 £hhLT^£o 

<fc DPM-TtlHs DSP26I±, fcj£S§©^fi c EPi (kN F + i)£ 

js««;*-7-fe y hmfemm&HLWiznfi-tZo & % m&-&)izi±, dsp 

2 6 & N ±g3fcj£S&CDM^S c EPi (kN F + i)lz^^xm 1 

20 7t^h zmfeT %o d s p 2 6 au fctxii:©! i m$im*7-t * 

*t,DSP26li, com 1 >y h Jt^^S i: LT. 

g.frmw-mitmm&mir'f z> (xr^7 , Q2) 0 <fc ^ Mflntii, dsp 

2 6fci\ ±f3fci£S&©S^ac EP1 (kN F + i) iztt l>X¥*3<bmm&M 
25 L> ¥^ll^Ic E p(kN F )$t«)5o 

DSP26li, D F T^S^HfT-TS (^fy7Q3-Q4) 0 
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£ ?) n#i$£fci:. DSP26ii, mfemfsn (=ln f t s ) rtcfcu 
m<DW-mm^mc EP ((m+ i)N K )fc^fLt d f Tmm^ML. m$i(Dm 

\,^Xm&L»*7"ky hM^tBffl^gSr^L (^r i v7Q3), MigEJ§«f&* 
7-fe y Mt^iEfflP , DO^IS©^^^^7-fe y hfl£*#n A f RES tz^ti^ 

J: D^ttttfcfcix D S P 2 6 fcfc N A f RES Z£lz^&m%.£ti 

10 T^£J^$t£fc;*:7-fe ^ hf^lin A f RES CD? *.CDOf*l^ 1 OtdJigBil 

hS*fj6^lt5, CI CtC N fg 1 m$LWL*7-b V h £*f 
5S(*»fc«««*7-b * HSM*N A f RES i:tSo gsfc. DSP26ii, 
7 -fe y h«»NAf H EB*HJ:lfc«ls -r&fc>*> (-M 
+ N) Af RES W± (M + N) Af RE8 WT©Il^»«*7ty hit 
15 ^ISHh UTlS^-r &o &4b\ MB\ ±fB(14)5£T-^£ ftfcJgftT?* 3 • 
*©SU DSP2 6i±, T 12(28) SCtw-T «fc 5 tc. d ©19:££ titzM 

%im.* ? -t v hMfe&amft<D&m%im.*7-t * m&im a f RES izmfo l 

fcteffiSidS^Ts ¥&JM^fic EP ((m + 1)N F ) ( 0 ^ 1 ^ L - 1 ) 
El ilsf £o TI3(28)5Uc::fc^T> n f£ (-M-W+N) 

20 &l± (M+W + N) WTCit'feSo 



D S P 2 6 li N {iffiln]fem©¥±Sm^«c EP ((m+ 1)N F )£^ r ;b 
-£fifc-r£o do-rsci^lzj:*), DSP26lt 7 -fe y 

hllin A f RES lZ%ti?n*lfo-r 5Ifti3P f (n)£3c#)3o 
25 DSP26li, 3fSO««[lftB**-rSjg«[ft>>'f > K«>F«3 
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(n)£;fc«>£ (7ry7Q5), DSP 2 6 (± N ^gE^^K^m 

#©^*fSE f (n MAX )£;£#> (^r';rQ6), ^OiME f (n MAX )OJI 

5 t5 (^ry7Q7), 

mmmm s 

25 fc«t-5t:, i is^u^mm i o cDtt sfg^ms&o^jgjzjgB 
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— * ¥U 5£ * H iz ft X & v > & * ti ft $> 2> o 

15 (D—mcommt^iizmft-r^o 

& bmmTtiiz, DSP26itin m^iz^-r^o a/d^ 

? >f y y^sic&iioT. i^ig^^-^-fe v hffiamm&nft-f z 

(^r-v 7PD.J;!) *#l$t3fci^ D S P 2 6 l±, WlMlZft £>tiX U Z> 
20 mftW>MlZ&\,^T$<.Zbt> tL}fe^«<aiS^0((m.l)LN F +lN F +i)(3^t5^ 

%:<D'&s DSP2 6iis m >{ V $ ;\* > h* iZft UT 7 

25 y >^i*ii (^yrp 2). 3i^i£#^£i&*-f s 0 ^© 
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(7r^7P 5) 0 

D S P 2 6 li N il7 E(b){z^1-ct o ^--f *X h&lzttfo 

7Nl)o ^ hMifUlf:!^ DSP26li> 3©t^^r^h 

c EP i(kN F + i)£t&m-r£ (^T-y/N 2) c ^©gt. DSP2 6li, 
±iae^SS©M^M c EPi (kN F + i)(C^-^5V>T^^i5t^7-fe y h 
10 i£St5MII0 s (mLN K )£l£5£L(X^ <;/ 7*N 3 ). Z (D&ffim 9 s (mLN 
F )£iM;!jQ»-r £ £ t lz X K> mM&teM0((m-l)LN F +lN F +i)£5}<#>£ 
(^r^ 7N4),DSP26li > £ t> tlfcJRjRfftfflli 0 ((m-l)LN 

F +iN F +i)%, y rp i t43»ts«»[ft*7-fe * Ymzmmizmmr 

So 

15 w±©cto {3d© nmm M8 izxtut, m%n&*7-ty vmummz 

20 So 

mmrnrn 9 

7 D — — hT&So 
25 jtgg®(E$-&a d tlz <fc K) . m$i%t*7-ty b£Mf»LTl>So Ztllz 
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5 ffe-f£CDT*ii& < s VCO#>£>&3$8Jg[oli8 2 2 *ff £ Eflinmffi £ ftJ 
M2K 7 ^ — V 1/ trWfr&mWkW. (X^y 7M 3 ) &&V7-?m%.m 

io m (7t-)'7M4) zmn-r & h t. & tz x z:©— scD^ishM^jiz. ^ 
j;i>*v c o 2 2 ^©wflnsffi^M-r 5 v c o^j^^issriiff tSo 

$6>t:»iE-rtittx DSP26lis t-f^Xh^CMt^f^^^ 
15 ^^hjS$^iliLfcl^ DSP2 6I1, 3©±-T *X hfclZttJfo-TZ 

^ j V ? jv<—7sj*> )<m^iz&-3^T eMs&© rn.fr m c EPi (kN K + 

i)*ttm-r 3 (Xrv7L2)o D S P 2 6 (i N ±f3fe^S§© 

y7L3)o *GD^s D S P 2 6 (i N d ©Jf 5g£ ftfcffiiftfttf- 7 -fe y h H 
20 JfoUfc9JJn*EE* V C O 2 2 (7,f «^L4) 0 

dntZct^s vco2 2(is femcDftumwLWL-fr^m&WL*?* * v 
izfottz&tzttM&Ltzftmm&f&*m?zm®&mm^zmm-tz z 

Lfc#oTs J^&!&^&|I]S§2 1 (is m$Lm*7-b V h % ffi 
J^-h© J; -5 izzwnMBm 9 tc Jiniis V C O 2 2 £ ft3 
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mmnm i o 

10 07D-^t-h7r^5o 

20 £ t) gP3*-rn«. DSP2 6tt % 7=-f K 18-^(3 *f L 

t>T% D S P 2 6 li> ^ir^^;i/^-7>M>KIf ^^tillt^ 
1 @SbJ3&&£lfti£!Wl (WT i a F CMj £ i^o ) znftistz'& 
25 (7,r^7K3 X^fg 1 A F C^M^©^ * — * ^ > Kft^ 
£*ttt£ LT^ 2 gf&JM!MJM3I (WT ^2AF CMS j ) 
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&n'tf-f% (Xry7K4) 0 ^lT> D S P 2 6 li s I2AF C#t3I& 
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